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Abstract 
The climate change and Nile Basin projects especially during the filling time impacts on Nile water inflow in Egypt. Paper 
objective is analysis and asses the negative impact of the Nile water inflow reduction on Hydropower generation and Irrigation 
quota. Different alternatives are suggested to cope with water reduction in agriculture. Three scenarios are proposed for 
generation of hydropower to deal with both; different values in inflow reduction in head and the released discharge through 
turbines. Financial evaluation for the Nile water inflow reduction impact on hydropower generation and water reuse for 
agriculture is carried out.  
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1. Introduction 
Climate change and global warming are likely to result in water availability problems in some parts of Africa. 
Precipitation is expected to decrease by 33% in some regions and increase by 22% in others, global mean surface 
temperature is expected to increase between 1.3ºC and 1.7ºC by 2050 [1]. In Africa, to feed at least 1.8 billion people 
in 2050, water allocated to agriculture must be used more efficiently and new water resources developed. Many 
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countries in Africa continue to be amongst the lowest per capita energy consumers in the world. Shortage in the 
energy and the fresh water is represents a big problem in any country, especially the developing countries such as 
Egypt. The River Nile is the lifeline of the country. The reduction in Egypt’s River Nile inflow is the most important 
challenges, where changes in the quantity and timing of river runoff, together with increased reservoir evaporation 
will have a number of effects on all activities in Egypt. It is very important to decision makers at all levels of 
government and in the private sector in Egypt to know the Impacts of reduction in the Nile water inflow whether it 
was from climate change or Nile Basin projects such as Renaissance dam; especially during the filling time.  
 
Several studies have examined the impact of climate change on rivers basins and hydropower production; US 
Environmental Protection Agency examined climate impacts on several international rivers. For the Zambezi, the 
climate scenarios applied suggested that mean annual runoff could decline or rise by almost 20%. The most severe 
changes occurred for the River Nile: one scenario saw mean flows fall to less than a quarter of their historic level. 
Overall, it was found that river basin sensitivity increases with aridity, and this, to some degree, explains the severe 
fall in Nile flows. Potential changes in annual hydro generation resulting from changes in temperature and 
precipitation for The River Nile decreased by 20%, [2]. Published results for other studies, [3], suggest that the 
climate sensitivity of energy production is related to the storage available: in general, the greater the degree of 
storage the lower the sensitivity. Other studies have shown what Egypt could face problems as a result of reduction 
in inflow [2 and 4]; Egypt is facing water scarcity and energy shortage. On other side energy sector, rising demand 
for electricity globally, the likely increase in fossil- fuel prices and the need for clean energy sources, renewable 
energy sources, solar, wind and hydro power. The lasted one appears more attractive, [5].  Hydropower plants were 
much more reliable and efficient than the fossil fuel fired plants. It plays the important role in development, where it 
represents the cheap energy compared to the other energy sources as; solar, wind, nuclear, and thermal.  
 
According to the agriculture sector, conventional water resources are now exhausted. There is a need to search for 
other sources of water through non-conventional resources. Severe measures of water conversation must be applied 
as the re-use of sewage and drainage. On the other hand, the demand side is relatively certain and increasing due the 
growing population and the recent implementation of the Ethiopian Grand Renaissance dam, as well as the expected 
rising temperature. According to study [6] the reduction in water availability due to both upstream water abstraction 
and climate change (CC) showed in figure 1. The CC assumed that the Nile water discharge in Egypt (55.5 Bm3) 
was considered to reduce by 6%, 15%, 20% and 31% in the years 2025, 2050, 2075, and 2100 respectively. The 
upstream water abstraction lead to the water reduction by 5.4%, 9%, 14.4%, 18.9%, and 23.4% in the years 2015, 
2025, 2050, 2075, and 2100 respectively. 
 
In accordance to [7], the different non-conventional water sources according to vulnerability assessment of water 
sources under drought due to climate change scenarios are discussed. It considered that agricultural drainage water 
reuse and treated wastewater reuse are used to compensate part of Nile water reduction. He assumed that the 
agricultural drainage reuse and treated wastewater reuse in 2025 was 13.5 Bm3 and 0.4 Bm3 respectively. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Decrease of Nile Water Availability due to Upstream Water Abstraction and Climate Change. 
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2. Background and Motivation 
Egypt's water resources are estimated by 67 Bm3/year; distributed as following; 55.5 Bm3/year from the Nile 
River, 9 B.m3/year from the reuse water, 2.7 Bm3/year from the ground water, and 0.3 Bm3/year from the rains, [8]. 
Agriculture is the first activity in Egypt, and takes the largest share of the Nile waters in Egypt, so any reduction in 
the inflow must be compensate by other resources. Water also plays a major role in the production of electrical 
power. Hydropower is among the most vulnerable industries to changes in global and regional climate; hydropower 
potential is defined by the river flow, and therefore changes in flow due to climate change or the projects of Upper 
Nile countries or the both together will alter the energy potential. The capability of a given hydro installation to 
generate electricity is limited by its storage and turbine capacities. In 1975 hydropower was contributed in Egypt by 
around 75% from total electricity generated. Now the contribution of hydropower decreased to 8.9%, [8], this 
decline is unjustified and abnormal and will be increased with reduction of inflow. The aims of the present study are: 
x Estimate the reduction of inflow for Nile River.  
x Evaluate the current situation of electricity and amount of irrigation water in Egypt 
x The compensation of the water reduction 
x Studying the expecting percentage of reduction in hydropower generation and irrigation.  
x Financial evaluation for the compensation in both; hydropower and the irrigation water reduction 
3. Electric Energy situation in Egypt 
The utilization of electrical energy in Egypt has begun in 1893 in Cairo and Alexandria to feed houses and some 
streets with electric energy, direct current and low voltage at that time population in Egypt was 9182 people 
Increasing the population, more energy is required to satisfy rising human needs. Egypt, as a developing fast 
growing country suffers from rapid annual population growth currently at a rate of 1.68%, according to Cairo 
Demographic Center, [9]. Nevertheless; Egypt carried out different projects in electric power. Although Egypt is 
relatively modest in its resources of conventional energies (oil and gas) as compared with most of the Arab 
Countries, mostly projects that has been currently are thermal power stations this means more waste of resource. 
Generated Electricity has increased during the period 1981/1982- 2004/2005 by 500% from nearly 22 TWh to 108.4 
TWh in at an average annual growth rate of 6.9% also peak load is increased from 6604 Mw for year 1989/1990 to 
23470 Mw for year 2010/2011. Consequently, oil and gas consumed by the electricity sector has jumped during the 
same period from around 3.7 MTOE to nearly 21 MTOE, [8]. Figure 2 shows the different types of electricity 
sources in Egypt.  
 
 
 
 
 
 
 
 
 
 
Fig.2. Generated Electricity in Egypt for Year 2010/2011 in GWh, [8]. 
4. Irrigation situation in Egypt 
The agricultural sector is the largest user and consumer of The Nile water, with its allocation (in 2010) exceeds 
68% of the total fresh water supplies or 82% of the total used water (after recycling), [6]. The ministry officials saw 
that drainage water offered a good, short-term solution for enhancing the country’s water supply [9]. So the 
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increasing shortage of irrigation water will be coped through non-conventional sources of water by using of marginal 
quality water such as agricultural drainage water and treated domestic wastewater. When the drainage water reuse 
we must take in consideration the water quality, reliability, public health assurance, aesthetic needs. The drainage 
reuse increased from 2.8 Bm3/year in the 1980s to about 4.0 Bm3/year in the 1990’s [10]. In the year 2008 the 
official reuse is 6.86 Bm3 reach to 6.98 Bm3 in 2010 [11]. By the year 2011 the official reuse had reached 7.5 Bm3 
[12]. According to the Ministry of Water Resources and Irrigation (MWRI) targets, the total reuse would increase to 
about 8.9 Bm3 in 2017 [13]. By 2050, the MWRI expects irrigation demand to increase to 61.5 Bm3/year [14]. The 
Government promotes the two ways for using of wastewater (WW) as a supplementary water resource in agriculture. 
The first is the indirect use, by draining it into the agricultural drains, in accordance with the prerequisites of law. 
Second is the direct use by transfer of treated wastewater separately in desert. The amount of secondary treated 
wastewater use increased from 0.26 Bm3/year to 2.8 Bm3/year by 2001 and to 4.5 Bm3/year by 2017 [15]. 
5. Scenarios of Reduction in Inflow 
To covering all inflow reduction probabilities; three scenarios are proposed;. In first scenario; the decline in the 
regular flow, started from normal value 84 BCM/y to reach 69 BCM/y by decrease step 2 BCM/y. Outflow in this 
scenario doesn’t affect by the reduction in inflow which mean output is taken as 55.5 BCM/y that is the normal value 
of outflow in Egypt. Moreover the water level in Lake Nasser started by 175 m in August and the levels in rest 
months are referred to the different requirements along the year. Calculation steps in second and third scenarios as 
following; according to the inflow, reduction is taken into consideration as a percentage; 5%, 10%, 15%, 20%, and 
25% in both scenarios and decreasing in water level in lake Nasser in regularly values by decline step 5m until reach 
to 155 m with note that the beginning of the water year at August is take always 175 m. output discharge in second 
scenarios is taken 55.5 BCM/year. In third scenario decreasing percentage in output as following; 5%, 10%, 15%, 
20%, and 25%. Flow charts for scenarios are as following in figures 3, and 4. Different data have been required to 
help to accomplish this approach; these data were obtained from different research authorities; Nile Research 
Institute (NRI); and the Company holding Egyptian electricity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Chart of first Scenario. 
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Fig.4. Chart of Second and Third Scenarios. 
6. Implemented the Mathematical Model 
Model calculations take into account all the surrounding conditions for natural inflow; it is developed to study the 
hydropower generated in different percentage of reduction. The developed model has different modules; inflow 
generation module, Sudan abstraction module, losses equation, upstream water level outflow module, Routing 
Computations module, and hydropower generation modules,  
x Hydropower Module: 
This module used to estimate the electrical generation from the four main hydropower stations. Aswan High Dam 
Station, Old Aswan Dam Stations I & II, Esna, and Nag Hammadi Stations. AHD station is the biggest hydropower 
station in Egypt. Actually; its operation method working in especial hydrology condition so new equation is 
developed to compute the power generated from the AHD depending on the actual field data. Equation is used to 
calculate the power values for a number of scenarios of different inflows and water heads during drought.  The 
equation developed under multi- variant regression analysis was performed to simulate hydropower “P” as a function 
of both “Q” and “H” bearing in mind all conditions faced by station as in the following equation, this equation 
especially for AHD under limited values for head and discharge as; 48.18 to 73.44 m for head and 73.6 to 254.4 
m3/s for discharge 
 
P = (-689.41 + 0.167 * Q + 9.62 * H1) x 1000       (KW)                                                               (1) 
 
R2 0.991 (the correlation factor for the equation) 
-689.41  constant included the efficiency of station and specific weight of water position of water 
H1 head acting on the turbines (m) 
Q outflow discharge through the turbines (M.m3/day) 
 
According to the other stations; Aswan I & II, Esna, and Nag Hammadi, the hydropower generation is calculated 
depending on the equation: 
3 >ڦ4+@(KW)                                                                                        (2) 
170 165 160 155175 
Different cases from Water Levels (m) in Lake Nasser 
15%
Scenario 3 
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10% 15% %20  25% 5% 
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P generation power in (kW) 
ڦ  Overall efficiency of turbine 
Q discharge in barrage (m3/sec) 
H net head on turbines (m) 
 
x Sudan Abstraction Module: 
This module is based on the historical data available for Sudan abstraction during different conditions. During the 
study, different scenarios are simulated using different Sudan abstraction conditions. 
 
x Outflow generation module:  
The proposed outflow hydrograph downstream the High Aswan Dam is computed using this module. The module 
computations are based on the water requirements for different months, the restrictions of the allowable maximum 
outflow downstream the dam, and the maximum allowed water levels upstream the dam. So the basic outflow 
hydrograph is composed from the historical data and water demand and water discharges and levels restriction 
x Routing Computations module:  
This module is based on mass balance of hydrologic routing equations as follows: 
 
dS/dt = I – O                                                                                                                                                     (3)       
 
dH/dt = I – O/Sa(H),    ܵ =  ׬ ܵ (ܪ)݀ܪு଴ ,     
 
ds/dt = Sa (H) dH/dt                                                                                                                                           (4) 
 
G+GW 4in  - 4out)/Sa (H)                                                                                                                          (5) 
 
I Inflow arriving at Lake Nasser 
O  Out flow from AHD 
dH/dt the change of the reservoir water level with respect to time 
4in the summation of the inflows to the reservoir 
4out the summation of the outflows from the reservoir 
S Storage at Lake Nasser 
Sa Surface area of Lake Nasser 
 
x Losses Computation Module Equation: 
The major Lake Nasser losses are the evaporation and seepage losses. They are both incorporated in the model by 
this module. The evaporation losses are computed according to lake water levels, surface area, climatic conditions 
and time of the year. The computation equation was developed based on actual measurements. They can be stated in 
general form as following: 
 
EL=f(w.l.,m)                                                                                                                   (6)  
                                                                                                                   
EL Evaporation losses M.m3/day 
w.l. Lake Nasser water level (m) 
m Month of the year 
 
The gains and losses due to infiltration from Lake Nasser are due to recharge to and discharge from the Nubian 
Sandstone. They consist of a through flow to the regional groundwater system and local bank storage that absorbs 
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water when the reservoir level is rising and a return of water when the level is dropping. During this analysis, 
empirical equations by (22) were used to estimate seepage losses and bank storage gain and losses the following 
equations describe the empirical equation used for seepage and bank storage changes. 
 
Se = 0.038 (H - 110)                                                                                                        (7)                      
dB 0.60 dA(H-126) for rising stage 
dB  5.77 dAdH for falling stage 
Se Seepage monthly through flow to groundwater (109 m3) 
H Water level upstream or storage level HAD (m) 
dB change in bank storage (109 m3) 
dA change in lake area (109 m2) 
dH change in water level upstream HAD (m) 
7. Results and Analysis 
In the following section analysis of the results from scenarios and mathematical model will be summarized. In both 
scenarios 1, and 2 it is supposed the output doesn’t affected by the reduction of inflow. In third scenario reduction 
percentage in outflow so as inflow, it is taken as; 5%, 10%, 15%, 20%, and 25%. Important points are concluded 
after applied the scenarios and the model; Reduction in inflow recorded decline in hydropower generated as 
following: 
x Reduction percentage in hydropower generated after first scenario shows: for one year reduction reached to 
7.1%, for five years reduction recorded 28.5%. Figure 5 represents the reduction values in both periods (one 
year and five years). Table 1 tabulated Percentage of Reduction in Generated power after first Scenario 
x In second scenario results come as following: Resulting in reduction in inflow; decreasing in the upstream 
AHD water levels, which it led to decline in head on AHD turbines. Reduction in hydropower generated recorded 
different percentage; 25% and 26.3% occurred with reduction in inflow percentage 5% and 10% respectively. 
Generation becomes more difficult when inflow reduction percentage reach to 15% and 20%, it caused stopping the 
turbines with holy of July. According to reduction inflow percentage 20% and 25% turbines are stopped with holy of 
June and April respectively. Figure 6 shows the decline in head on turbines with different inflow percentage of 
reduction. 
x Third Scenario; represents the worst case in reduction for both hydropower generation and irrigation water 
quota. Firstly according to hydropower generated; this scenario characterized by different percentage of the reduction; 
inflow and outflow, decreasing in hydropower generated not only from AHD turbines but also accrued at the other 
hydropower stations; Aswan 1 & 11, Esna, and Nag Hammadi. Figure 7 shows the reduction in generated power from 
AHD turbines after applied the third scenario. Table 2 shows the percentage of generated power reduction after third 
scenarios. 
 
 
 
 
 
 
 
 
 
Fig.5. Hydropower Generated from AHDT due to first Scenario.  Fig.6.  Decline in head on AHD Turbines due to Second Scenario. 
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                 Table 1. Percentage of Reduction in Generated power after first Scenario. 
    
 
 
 
 
 
 
Table 2. Percentage of Reduction in Generated power after Second and Third Scenario. 
By taking in consideration the compensation of water reduction due to CC in study [6] by agricultural drainage 
reuse and treated wastewater reuse. The compensation for reduction ratios (5%, 10%, 15%, 20%, and 25%) for 
agriculture has been calculated. Figure 8 illustrated the volume required for the mentioned two non-conventional 
sources according to different reduction percent. 
 
 
 
 
 
 
 
Fig.7. Reduction in Generated power due to third scenario                            Fig.8. Water Budget estimated for non-conventional water sources 
8. Financial Assessment 
To compensate the hydropower generation reduction, there are different energy sources. Such as Nuclear, Fossil 
fuels, Gas Turbine, Solar, and Wind.  Fossil fuels and Gas turbines which called thermal generation are more 
common in Egypt so as the world. This part is an attempt to calculate the cost for these sources to compensate the 
River Nile water reduction in hydropower generation according to the different three scenarios studied in this paper. 
Gas turbines are the highest cost as it is found in table 3. The cost for one year reduction in first scenario ranged 
between 8.21, and 3.94 M EGP. Five years reduction will be cost 15.9, and 33.17 Million EGP. Second and third 
scenarios recorded different values as; 19.59 M EGP, and 154.03 M EGP for inflow percentage reduction 25% 
respectively, figures 9 represented the cost for all inflow reduction percentage. 
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Table 3, Compensate Cost of Generated Power Reduction in due to First Scenario (M EGP). 
Inflow. 
Red 
Nuclear Generation 
  
     Fossil Fuel 
Generation  
    Gas Turb. Gen 
  
   Hydro 
Generation 
  1 Y Red 5 Y Red 
1 Y 
Red 
5 Y 
Red 
1 Y 
Red 
5 Y 
Red 
1 Y 
Red 
5 Y 
Red 
82 0.28 1.19 0.42 1.81 0.87 3.77 0.13 0.55 
80 0.57 2.41 0.87 3.66 1.82 7.64 0.26 1.11 
78 0.83 3.02 1.26 4.60 2.62 9.59 0.38 1.39 
76 1.12 4.16 1.70 6.33 3.55 13.19 0.51 1.91 
74 1.76 6.69 2.68 10.18 5.59 21.22 0.81 3.07 
72 2.10 8.11 3.20 12.33 6.66 25.71 0.96 3.72 
69 2.59 10.46 3.94 15.91 8.21 33.17 1.19 4.80 
 
 
 
 
 
 
 
Fig.9. Cost of compensate the reduction in generated power after (a) Second Scenario; (b) Third Scenario. 
To compensate the reduction in the River Nile flow for irrigation sector there are two non-conventional water 
sources are taken in consideration. This part is an attempt to calculate the cost for these sources to compensate the 
River Nile water reduction. The budget required for compensate the Nile water flow reduction according to the five 
reduction assumption in this paper (5%, 10%, 15%, 20%, and 25%) are calculated. The calculations is carried out 
with taking in consideration the budget in Mohamed Nour El-Din [6], as the base. So the budget required for the two 
non-conventional water sources where the reduction is 5%, 10%, 15%, 20%, and 25% are shown in figure 10. This 
figure illustrated that the cost for agriculture drainage reuse ranged between 33.3 Million LE/year and 166.7 Million 
LE/year. While the cost for treated wastewater reuse reach to about 1333.3 Million LE/year, which is the highest 
cost. 
 
 
 
 
 
 
 
 
 
 
Fig.10. Cost for Non-Conventional Water Resources to compensate the reduction.  
9. Conclusion and Recommendation 
The negatively Nile inflow reduction is pronounced in both; hydropower generation and the drainage water reuse. 
Reduction in hydropower is studied using three developed scenarios under Nile inflow reduction. The reduction 
values in first scenario is; 2000 MW and 8000 MW for one year and five years operations, respectively. Resulting in 
second scenario can be concluded in two points:  1 ) Decline in head on AHD turbines is observed and the reduction 
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value in generation recorded 154.443 Giga Watt. 2) Turbines will stop with reduction percentage of inflow: 15%, 
20%, and 25% for periods; one month (July), two months (July and June), and four months (from July to April) 
respectively. In third scenario; the percentage of reduction in generated hydropower recorded 50%, where AHD 
turbines will be stopped around five months/year. From results; it is noted that first and second scenarios affected 
only in the AHD generation, while the effect of third scenario observed on all hydropower stations on the Nile; 
AHD, Aswan 1, and 2, Esna, and Nag. Hammadi. The challenges for bearing the reduction in hydropower generation 
is through using the thermal (gas and fuel) generation where it is the most expensive and very polluted to the 
environment. The other types of generation which are; nuclear, solar, and wind types cannot compensate sufficiently. 
Other sources discussed in this paper for hydropower generation was; Nuclear, fuels, and gas turbines. These sources 
recorded; 8.3 and 33.17 Million EGP/year for first scenario, 19.59 Million EGP/year for second scenario, and 154.03 
Million EGP/year for third scenario. 
The Nile flow water reductions compensate from different non-conventional sources mainly; agricultural drainage 
water reuse and treated wastewater for irrigation. As the Nile flow reduction, this will be negatively affected on the 
drainage water reuse. The challenges for tolerance reduction in water resources for agriculture sector, is through 
using of wastewater treatment. This coincided with the industrial wastewater that must be separated from domestic 
sewage, to reduce also from the cost of domestic sewage treatment that disposal to agricultural drains. The other 
challenge is through expansion outside for agriculture in the Nile basin and African neighboring countries where 
abundance of water and land are available. The non-conventional water resources volume used to compensate the 
assumed reduction (5%, 10%, 15%, 20%, and 25%) are ranged from (11.3 Bm3 to 56.3 Bm3) and (0.3 Bm3 to 1.7 
Bm3) for drainage reuse and treated wastewater respectively. In other words the budgets for two non-conventional 
water sources are ranged between (33.3 Million LE to 166.7 Million LE) and between (266.7 million LE to 1333.3 
Million LE) for drainage reuse and treated wastewater respectively. Finally, reduction in Nile inflow will 
overwhelms Egypt in two sectors energy and irrigation. The compensation of this reduction in the concerned sectors 
will be cost around 1654Million LE /year and probability increased with the time. 
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